In conclusion, these findings converge on the conclusion that rats have episodic memory for sequences of odors. Such a tour de force is exactly what was needed-obtaining positive results from tasks designed to encourage episodic memory and supported by tests that ruleout alternative explanations-in order to confidently claim that rats really do have episodic memory for those odor-list episodes that are very important to them, much like we have for our important episodes, such as where we were and when we viewed the unfolding of the attack on the Twin Trade towers in New York. 
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Mitochondrial biogenesis requires the import of approximately 1,000 different proteins through a labyrinth of channels to reach the appropriate sub-organellar location. A new study now reports that, in response to stalled import complexes, an adaptive transcriptional response dubbed the mitoCPR is triggered to extract these stalled complexes into the cytosol for degradation.
Mitochondria not only are the powerhouses of the cell, but also are required for essential activities, including amino acid and nucleotide synthesis, as well as serving as signaling hubs that regulate programmed cell death and innate immune responses. Compartmental dysfunction is associated with myriad pathologies, including inherited mitochondrial diseases, agingassociated neurodegenerative diseases such as Parkinson's disease, and infection caused by pathogens that produce mitochondrial toxins. As such, cells have evolved multiple pathways to maintain the mitochondrial network during good times and bad [1] .
Many of the adaptive responses to mitochondrial dysfunction relate to mitochondrial protein import, or conditions that impair protein import. Included in this plethora of responses are adaptive transcriptional responses, such as the mitochondrial unfolded protein response (UPR mt ) [2] , mitochondrialspecific autophagy (mitophagy), which rids the cell of severely damaged mitochondria [3] , and UPRam [4] and mPOS [5] , which serve to reduce cytosolic protein synthesis and degrade mislocalized mitochondrial proteins that accumulate in the cytosol. In a recent study published in Science, Weidberg and Amon [6] took an elegant approach to focus specifically on stalled mitochondrial protein import and provide a satisfying answer regarding how cells respond to and resolve mitochondrial protein import defects.
The association of diverse stress responses with mitochondrial protein import likely reflects the compartment's origin. Mitochondria originated from an endosymbiotic event that occurred 2 billion years ago when a eukaryotic precursor cell engulfed an alphaproteobacterium. Over time, the mitochondrial genome (mtDNA) has been reduced dramatically so that the vast majority of the 1,000 proteins required for mitochondrial function are now encoded by nuclear genes. These proteins are synthesized in the cytosol, targeted to each mitochondrion and imported, and then the protein is directed to the appropriate sub-organellar compartment [7] . Proteins imported into mitochondria must remain unfolded to traverse the import complexes, yet be protected from both proteases and inappropriate protein-protein interactions that may lead to proteotoxicity and aggregation. Consistent with this significant challenge, approximately 20% of the mitochondrial proteome is dedicated to ensuring the fidelity of the import process.
Most proteins destined for the mitochondrial matrix or inner membrane harbor an amino-terminal mitochondrial targeting sequence (MTS) that first interacts with a channel in the mitochondrial outer membrane (TOM, translocase of the outer membrane) and subsequently with the inner membrane channel TIM23 (translocase of the inner membrane) (Figure 1 ). Once exposed to the matrix, the MTS is cleaved and the protein interacts with chaperones until it is appropriately folded. Additional targeting sequences can further specify protein trafficking: for example, a hydrophobic segment following the MTS, known as a bipartite sequence, causes the lateral gating of the TIM23 channel through which the substrate enters the inner membrane.
To focus specifically on the response to mitochondrial import stress, the authors sought to develop an assay that was more specific than membrane potential depletion or inhibition of oxidative phosphorylation (OXPHOS), both of which have pleiotropic effects throughout the cell. The authors simply overexpressed a variety of mitochondrial proteins that target to the different submitochondrial compartments and evaluated the effect on the processing of Cox5a, an OXPHOS protein imported through the TOM and TIM23 channels into the matrix. Only proteins with bipartite signal sequences slowed Cox5a processing, suggesting that the TIM23 lateral diffusion mechanism is relatively slow and can be overwhelmed, resulting in a logjam of subsequent proteins destined for the matrix that also utilize TIM23. Importantly, mitochondrial import stress caused the carboxyl terminus of Cox5a to be exposed to the cytosol, suggesting that Cox5a was trapped in the TOM channel with the amino terminus in the inner membrane space (Figure 1) .
In response to mitochondrial import stress, over 200 genes were induced, a response dubbed by the authors as the mitoCPR (mitochondrial compromised protein import response). The genes induced by the mitoCPR included those encoding several ABC transporters that rid the cell of toxins. These transporters were known to be regulated by the transcription factor Pdr3: intriguingly, Pdr3 was previously shown to induce a similar transcriptional program in response to a variety of drugs or toxins, as well as following depletion of mtDNA [8] . In addition to the overexpression of a bipartite sequence, additional conditions known to impair import, such as defective cardiolipin synthesis or perturbation of the mitochondrial chaperone network, also elicited the mitoCPR. However, a separate mitochondrial stress response known as the retrograde response, which is activated by TCA cycle impairment and mediated by the transcription factors Rtg1 and Rtg3 [9] , was not induced during mitochondrial import stress, consistent with the specificity of the mitoCPR.
Importantly, deletion of PDR3 increased the stability of stalled Cox5a, while overexpression of PDR3 reduced Cox5a accumulation during mitochondrial import stress, suggesting that a major function of the mitoCPR is to either increase import efficiency or eliminate those proteins that fail to cross the inner membrane and remain stalled in the TOM channel. Consistent with the idea that the mitoCPR enhances mitochondrial function, PDR3 deletion reduced OXPHOS during mitochondrial import stress and resulted in the loss of mtDNA.
To gain a mechanistic understanding of how the mitoCPR promotes mitochondrial function, the authors focused on CIS1, a gene almost exclusively expressed during mitochondrial import stress and previously shown to improve the fitness of cells exposed to a mycotoxin that reduces mitochondrial membrane potential [10] . Like PDR3, overexpression of CIS1 provided protection during mitochondrial import stress by preventing the accumulation of Cox5a.
As Cis1 has no obvious domains that might provide clues regarding its relief of mitochondrial import stress, the authors examined the fate of stalled Cox5a. Interestingly, they found that Cox5a was degraded in a Cis1-dependent manner via proteasomes, suggesting that the stalled import protein is somehow extracted or released into the cytosol. But how might stalled import substrates, Cis1 and proteasomes be linked? Recent studies have found that Msp1 is an ATPdependent protein dislocase that extracts tail-anchored endoplasmic reticulum or peroxisomal proteins that are aberrantly trafficked to mitochondria [11, 12] . In line with these findings, Msp1, like Cis1, was required to remove stalled substrates during import stress. Biochemistry and epistasis experiments elegantly demonstrated that Cis1 interacted with both Msp1 as well as Tom70, a component of the TOM complex exposed to the cytosol. Thus, during mitochondrial If the TIM23 (translocase of the inner membrane) channel is impaired, proteins destined for the mitochondrial matrix stall within the TOM (translocase of the outer membrane) channel in the mitochondrial outer membrane. In response, the mitoCPR, mediated by the transcription factor Pdr3, induces the protein Cis1, which binds to TOM and recruits the protein dislocase Msp1 to extract the stalled import substrate into the cytosol, where it is degraded by proteasomes. OM, outer membrane; IMM, inner mitochondrial membrane; MTS, amino-terminal mitochondrial targeting sequence. import stress where stalled substrates accumulate within TOM and are exposed to the cytosol, Pdr3 induces the mitoCPR, which involves binding of Cis1 to TOM and the specific recruitment of Msp1 to extract the substrates for proteasomal degradation.
Perspective While the findings of Weidberg and Amon [6] represent an impressive step forward in understanding cellular responses to mitochondrial stress, interesting questions remain pertaining specifically to the mitoCPR. For example, does the mitoCPR only clear stalled import substrates, or does it also increase mitochondrial import capacity? Going forward, it will also be exciting to understand how the mitoCPR integrates or interacts with the other mitochondrial stress response pathways triggered by impaired mitochondrial protein import. At least two additional pathways are intimately linked to mitochondrial protein import, including mitophagy mediated by the kinase Pink1 and the UPR mt , which is regulated by the transcription factor ATFS-1 in worms and ATF4 and ATF5 in mammals [13, 14] . Pink1, ATFS-1 and ATF5 are negatively regulated by mitochondrial protein import. If Pink1 fails to be imported, it accumulates in the mitochondrial outer membrane to initiate degradation of the defective mitochondrion [3] . If ATFS-1 fails to be imported, it traffics to the nucleus and induces a broad transcriptional response to promote mitochondrial recovery [2] . Are both pathways activated by the mitochondrial import stress described by Weidberg and Amon, or might Cis1 and Msp1 regulate import or extraction of ATFS-1 or Pink1 to impact the UPR mt and mitophagy, respectively? Finally, it will be interesting to discover how Pdr3 activation relates to mitochondrial import stress. Might it be similar to the regulation of ATFS-1 or Pink1, or even regulated by Cis1 and Msp1-mediated extraction? In conclusion, the findings by Weidberg and Amon demonstrate that eukaryotes have evolved an elegant mechanism to resolve a complication associated with the acquisition of a prokaryote and its transition to mitochondria. To maintain mitochondrial protein import fidelity and prevent the accumulation of mislocalized proteins, the mitoCPR is activated to rid mitochondria of stalled import substrates.
